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Abstract 

Sound evidence on the effectiveness of fluoride varnishes 
(FV) to reduce caries incidence in preschool children is lack- 
ing. Objective: To assess whether the application of FV in 
preschool children at 6-month intervals decreases the inci- 
dence of caries and produces any adverse effects. Methods: 
A randomized, examiner- and patient-blind, placebo-con- 
trolled, parallel-group design, clinical trial, comprising 1- to 
4-year-old children, 100 in each group (FV or placebo var- 
nish, PV), was conducted in Rio de Janeiro, Brazil. Two trained 
pediatric dentists performed the clinical examinations (kap- 
pa = 0.85). Dental caries was recorded at the d 2 (cavitated 
enamel) and d 3 (dentine) levels using the International Car- 
ies Diagnosis and Assessment System. Results: At baseline, 
the mean age of the participants was 2.4 years (SD 0.9) and 
the mean d 3 mfs was 0.8 (SD 1 .9). Most of the children brushed 
their teeth with fluoride toothpaste and consumed fluori- 
dated tap water. After 24 months, 89 and 92 children of the 



test and the control groups were analyzed, respectively. A 
total of 32 (35.9%) children in the FV group and 43 (46.7%) in 
the PV group presented new dentine caries lesions (x 2 test; 
p = 0.14), showing relative and absolute risk reductions of 
23% (95% CI: -9.5 to 45.9) and 1 1 % (95% CI: -3.5 to 25.0). The 
mean caries increment differences between the test and 
control groups were -0.8 (95% CI: -2.0 to 0.4) at the d 2 level 
and -0.7 (95% CI: -1 .9 to 0.4) at the d 3 level. Only 2 minor 
complaints regarding the intervention were reported. Con- 
clusion: Although safe and well accepted, twice-yearly pro- 
fessional FV application, during 2 years, did not result in a 
significant decrease in caries incidence. 

©2014S. KargerAG, Basel 



Dental caries in primary dentition is an important 
public health problem in many countries and minority 
and low-income children have greater likelihood of hav- 
ing untreated caries, thus experiencing negative effects on 
their oral health-related quality of life [Vargas et al., 1998; 
Declerck et al, 2008; Leake et al., 2008; Dye and Thorn- 
ton-Evans, 2010; Goettems et al., 2011; Brasil Ministerio 
da Saiide, 2011]. 
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Fluoride varnishes (FV) were introduced into dental 
practice in the 1970s. Both the European Academy of Pae- 
diatric Dentistry [2009] and the American Academy of 
Pediatric Dentistry [2012a] endorse the use of FV 2-4 
times a year for caries prevention in primary and perma- 
nent teeth. Moreover, FV use has been expanding in non- 
dental settings as part of individual and community- 
based caries preventive protocols [Weintraub, 2003; Di- 
varis et al., 2013]. However, there is currently mixed 
evidence as to the additional benefit of periodic profes- 
sional topical fluoride applications in populations with 
access to fluoridated water and toothpaste [American 
Dental Association, 2006] . 

Systematic reviews provide the foundation for evi- 
dence-based clinical practice [Ijaz et al., 2010] and a few 
have addressed the effects of FV on caries prevention in 
children [Bader et al., 2001, 2004; Rozier, 2001; Strohm- 
enger and Brambilla, 2001; Marinho et al., 2002; Peters- 
son et al., 2004; Azarpazhooh and Main, 2008; Carvalho 
et al., 2010]. The efficacy of FV for caries prevention in 
permanent dentition is undisputable but the strength of 
the evidence for its efficacy in the primary dentition of 
preschool children can be rated as fair, at best. Notably, 
Marinho et al. [2002], in their Cochrane review, estimat- 
ed the pooled preventive fraction of FV in the primary 
teeth to be 33% (95% CI: 19-48) but they stressed the need 
for caution in interpreting their data due to the prepon- 
derance of no treatment control and low methodological 
quality of the studies in their review. Surprisingly, most 
of the recommendations regarding the use of FV in pre- 
school children are based on the results of one pivotal 
trial [Weintraub et al., 2006] which enrolled only caries- 
free children, did not use a true placebo and had a high 
attrition rate. Increasing emphasis on the need for evi- 
dence-based health interventions requires the evaluation 
of the efficacy of FV in preschoolers by a carefully de- 
signed randomized controlled trial that uses a true pla- 
cebo and may generate sound data in this area. 

The objective of this 2-year randomized placebo-con- 
trolled trial was to assess whether the application of FV in 
preschool children at 6-month intervals decreases the in- 
cidence of caries lesions in the primary dentition and 
whether it is safe and well accepted. 

Methods 

Ethical approval was obtained from the Research Ethics Com- 
mittee of Pedro Ernesto Hospital/Rio de Janeiro State University 
and the trial protocol was registered at the National Council on 
Ethics in Human Research, Ministry of Health, Brazil (CAAE 



0048.0.228.000-07). The children's parents/caregivers read and 
signed an informed consent form prior to participation in the study. 
Parents/caregivers were assured that their children could withdraw 
from the study at any time without negative consequences. 

Trial Design 

This study was a prospective, randomized, examiner- and pa- 
tient-blind, placebo-controlled, parallel-group clinical trial. 

Participants 

Participants were children from low-income families recruited 
at a pediatric ambulatory clinic located in a public health center in 
Rio de Janeiro, Brazil. They had access to fluoridated drinking wa- 
ter through the public water supply system and to free basic dental 
care under the Brazilian public health system. Affordable fluoride 
toothpastes are available in Brazil [Goldman et al., 2008]. 

Inclusion criteria for enrollment were as follows: age 1 -4 years, 
living in Rio de Janeiro for at least 1 year and planning to reside 
in the city for the following 2 years, having a fixed address, and 
owning a telephone or having a close relative who owned a tele- 
phone. Children were excluded if they had received a professional 
fluoride application in the previous 6 months, presented more 
than 10 dental surfaces with dentine caries lesions, had a dental 
abscess or had a systemic disease that could be aggravated by a 
dental problem. 

Intervention 
Interviews 

At the beginning of the trial, caregivers of the children enrolled 
attended an oral health educational session. The sessions were held 
in a conference room at the public health center that could accom- 
modate up to 30 people. Caregivers received information regard- 
ing dental caries etiology and prevention and were encouraged to 
brush their children's teeth with small amounts of fluoride tooth- 
paste daily and to reduce the consumption of sugary snacks. Then, 
at each follow-up visit, individual oral health counseling, including 
supervised toothbrushing, was provided. Children also received a 
toothbrush and fluoride toothpaste containing 1,450 ppm sodium 
monofluorophosphate (Colgate Maxima Protecao Anticaries; Col- 
gate-Palmolive, Sao Bernardo do Campo, Brazil) at baseline ex- 
amination and at each follow-up visit. 

At baseline, the caregivers were interviewed in order to collect 
information about the children's sociodemographic characteris- 
tics, toothbrushing behavior, use of fluoride toothpaste, toothache 
in the previous 6 months and lifetime dental experience. Socioeco- 
nomic status was measured using the BrazilEconomic Classification 
Criteria [Associacao Brasileira de Empresas de Pesquisa, 2008], 
which categorizes people into 5 socioeconomic categories (A and 
B: high socioeconomic status, C: medium socioeconomic status, D 
and E: low socioeconomic status). 

At each follow-up visit, parents were asked whether their chil- 
dren had had dental pain or a dental abscess related to caries since 
their last follow-up examination. 

At 1 week after the first varnish application, parents/caretakers 
were interviewed by telephone regarding possible side effects and 
the acceptability of the procedure. They were asked whether, on 
the day of the varnish application, the child complained of a burn- 
ing sensation in their mouth, or experienced nausea, altered taste 
or allergies such as asthma, rhinitis and skin rash. Information was 
also sought about whether anyone in the family felt bothered by 
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the yellowish color of the child's teeth after the varnish application 
and whether the child avoided smiling because of the discoloration 
of his/her teeth. 

Examinations 

Prior to each dental examination, the children had their teeth 
brushed by their caregivers under professional supervision. All 
children were examined at the dental office, with optimal lighting 
and after having their teeth dried with compressed air. Two trained 
pediatric dentists performed the clinical examinations at baseline 
and every 6 months. They were unaware of the treatment group to 
which subjects were assigned. Dental caries was assessed according 
to the Caries Diagnosis and Assessment System criteria (ICDAS 
II) using World Health Organization probes and plane surface 
dental mouth mirrors. Clinical diagnosis by visual inspection and 
tactile examination was not confirmed by X-rays. Interexaminer 
reliability was assessed by reexamining 12 and 27 subjects at base- 
line and at the 12-month follow-up, respectively. Children pre- 
senting dental caries at baseline and at any follow-up examination 
were referred for dental care. Dental treatments provided included 
glass ionomer and resin restorations, pulpotomies, root canal 
treatment and extractions. 

Varnish Application 

Children enrolled in the trial received 5% sodium FV (Du- 
raphat, Colgate Oral Pharmaceuticals, New York, N.Y., USA) or a 
placebo varnish (P V; Colgate Oral Pharmaceuticals) application at 
baseline and every 6 months for a period of 24 months. The F V was 
purchased from a dental supplier and the PV was provided by the 
FV manufacturer. The placebo was identical to the active varnish 
except that it did not contain fluoride and it was packaged in a tube 
identical to the tube containing the active varnish. The varnish ap- 
plications were performed by undergraduate or graduate dental 
students who had been previously trained. The students were not 
involved in the examinations of the children and they did not know 
whether they were applying FV or PV. 

Before varnish application, each child's teeth were brushed by 
the dental student without using toothpaste. A drop of varnish, the 
size of a small pea, for children with full temporary dentition, and 
approximately half this amount for children with 10 teeth or less, 
was dispensed onto a paper pad. After cotton roll isolation, the 
child's teeth were dried with compressed air and the varnish was 
applied to all tooth surfaces with a disposable microbrush. The 
parents/caregivers were instructed to avoid giving their children 
hard food and not to brush their teeth on the day of the treatment. 

Outcomes 

Dental caries was recorded at d 2 (cavitated caries lesion in 
enamel or in dentine) and d 3 (dentine caries lesions only) detection 
thresholds and caries severity was expressed as the number of tooth 
surfaces in the primary dentition that were decayed, filled and ex- 
tracted due to caries (d 2 mfs or d 3 mfs). In order to compute d 2 mfs, 
tooth surfaces that received ICDAS codes 3, 5 or 6 were considered 
carious and for d 3 mfs computation only surfaces with ICDAS codes 
5 or 6 were considered carious. When a tooth was verified as ex- 
tracted as a result of caries, 4 and 5 surfaces were recorded as miss- 
ing owing to caries for anterior and posterior teeth, respectively. 

The primary outcome was caries incidence as measured by the 
proportion of children developing any new dentine caries during 
the study. The number of dental surfaces that were decayed, filled 



and extracted due to caries (d 3 mfs ini ) at baseline was subtracted 
from the number of dental surfaces that were decayed, filled and 
extracted due to caries at the 24-month follow-up (d 3 mfsf in ). A 
child was considered to be an incident case of dental caries if he/ 
she had d 3 mfsf m - d 3 mfs ini >0. 

A secondary outcome was the 24-month caries increment, as 
measured by the change from baseline in the dmfs index at d 2 and 
d 3 caries detection thresholds. 

Sample Size 

Based on data for caries incidence in preschool children attend- 
ing the dental clinic located in the public health center where the 
study was conducted, sample size was planned to detect caries in- 
cidence of 33 and 15% in the control and test groups, respectively, 
with alpha = 0.05 and power = 0.80. Thus, 85 subjects would have 
to be enrolled in each group [Pocock, 1988]. Considering an attri- 
tion rate of 15%, sample size was increased to 200 subjects (100 in 
each group). 

Randomization 

A randomization list, based on a sequence of random numbers 
generated by MS Excel software (Microsoft Corp, Redmond, 
Wash., USA) was used by a professional not involved in the varnish 
application or the clinical examination to assign each child to test 
and control groups. Block randomization was performed (n = 10). 

Blinding 

The placebo and the active varnish tubes were covered with an 
opaque white plastic tape and were coded A or Z by a person who 
was not involved in the trial. The randomization codes were kept 
in a sealed envelope until the end of the follow-up period. The par- 
ticipants, their caregivers, examining dentists and all the clinical 
staff remained blinded to treatment allocation throughout the trial. 

Statistical Methods 

Data were analyzed using Stata software, version 9.0 (Stata- 
Corp, College Station, Tex., USA). The level of statistical signifi- 
cance was set at 0.05. Interexaminer reproducibility at the tooth 
surface level was measured by Cohen's kappa coefficient. Descrip- 
tive analysis was performed to summarize the clinical and sociode- 
mographic characteristics of each group at baseline in order to 
assess how comparable the groups were at the beginning of the 
study. The x 2 test was used to assess the difference in the propor- 
tion of children with new dentine caries lesions in the test and 
control groups. Differences in mean d 2 mfs and d 3 mfs between the 
test and control groups were evaluated using the t test. Post hoc 
secondary analyses were conducted to assess the effectiveness of 
FV application according to baseline caries status and number of 
varnish applications. 



Results 

Enrollment took place from July 2006 to July 2007. In 
total, 310 children were invited to participate; 230 showed 
up for an interview and oral examination; 29 did not meet 
the inclusion criteria and 1 was excluded because of un- 
cooperative behavior during the dental appointment. 



230 



Caries Res 2014;48:228-236 
DOI: 10.1159/000356863 



Oliveira/ Salazar/ Carvalho/Falcao/ 
Campos/Nadanovsky 
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200 were randomized 



30 excluded 

Reasons: 
Not meeting 
inclusion criteria 
(n = 29) 
Other reasons 
(n = 1) 



100 assigned to 
receive FV 
(test group) 



11 did not 
receive 2nd FV 
application 



18 did not 
receive 3rd FV 
application 



12 did not 
receive 4th FV 
application 



89 

in analysis 



Allocation 



Follow-up 
6 months 



Follow-up 
12 months 



Follow-up 
18 months 



Follow-up 24 months 
Statistical analysis 



100 assigned to 

receive PV 
(control group) 



14 did not receive 
2nd PV 
application 



12 did not receive 
3rd PV 
application 



9 did not receive 
4th PV 
application 



92 

in analysis 



Fig. 1 . Trial flowchart. 



Those cases where inclusion criteria were not met were as 
follows: 1 child was outside the age range, 1 child intend- 
ed to move to another town in the following year, 1 child 
had a systemic disease, 7 children had no fixed address, 9 
children had more than 10 dentine caries lesions and 10 
children had received a professional fluoride application 
in the previous 6 months. A protocol violation occurred: 
1 child who had had a topical fluoride application during 
the 6 months before the trial was included. This child was 
allocated to the FV group but she dropped out of the 
study after 12 months. She was thus not included in the 
final statistical analysis. 

The flow of participants in each phase of the study is 
shown in figure 1. Follow-up ended in September 2009. 
At the end of the study, a total of 181 (90.5% of all subjects 
randomized) children had shown up for the 24-month 



follow-up examination. The main reason for loss to fol- 
low-up was inability of the research team to contact the 
family of the child. 

All 200 participants who underwent randomization re- 
ceived the intervention at baseline as allocated. However, 
not all 181 children who were analyzed received the 4 pro- 
grammed varnish applications. In the FV group (n = 89), 
75 (84.3%) children received 4 applications, 9 (11.1%) 
children received 3 applications, 3 (3.4%) children re- 
ceived 2 applications and 2 (2.2%) children received 1 ap- 
plication. In the PV group (n = 92), 78 (84.8%) children 
received 4 applications, 1 1 (1 1.9%) children received 3 ap- 
plications and 3 (3.3%) children received 2 applications. 

Baseline Characteristics of the Participants 

Almost all participants (193; 96.5%) were exposed to 
fluoridated drinking water and 159 (79.5%) reported 
brushing their teeth with fluoride toothpaste. A total of 
26 children had already visited a dentist (24 for dental ex- 
aminations and preventive services and 2 for dental ex- 
tractions), 47 children (23.5%) had at least 1 dental sur- 
face with a caries lesion in dentine and no children pre- 
sented restored or sealed teeth. The caregivers of 12 
children (6%) reported that the child had had toothache 
in the 6 months before the beginning of the study. At 
baseline, the test and control groups presented similar de- 
mographic and clinical characteristics (table 1). 

The clinical interexaminer reproducibility for dental 
caries was very good [Altman, 1991] both at baseline (Co- 
hen's kappa coefficient = 0.85) and at the 12-month fol- 
low-up (Cohen's kappa coefficient = 0.87). Reliability as- 
sessment at the 24-month follow-up was not done. 

The primary analysis was intention-to-treat and in- 
cluded all patients who showed up for the 24-month fol- 
low-up oral examination, regardless of whether or not 
they had received all 4 scheduled varnish applications. 
The demographic and clinical characteristics at baseline 
of the analyzed and lost to follow-up participants are 
shown in table 2. 

Caries Incidence 

Overall, 75 of the 181 children examined at the end of 
the study (41.4%) had developed new dentine carious 
lesions. The number of children with new caries lesions 
in dentine was greater in the control than in the test 
group but this difference was not statistically significant 
(table 3). Although not significant, the FV yielded a rela- 
tive risk reduction for dentine dental caries of 23% (95% 
CI: -9.5 to 45.9) and an absolute risk reduction of 11% 
(95% CI: -3.5 to 25.0) compared with the PV; this means 
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Table 1 . Characteristics of the participants randomized to the FV and PV groups at baseline 



Characteristic FV group (n = 100) PV group (n = 100) All children (n = 200) 



Gender, n 



reiiiaie 




A~K (AX\ 




Male 








Socioeconomic status n 








B 


9 (91 

y \y ) 


4 (41 


13 (6.5) 


Q 


57 (57) 


65 (651 


1 77 C61 0") 


D or E 


^ (^1 


79 (79\ 




Not provided 




7 <7\ 
L (Z) 


3 (1.3) 


Age, years 








Mean ± SD 


2.5±0.8 


2.3±0.9 


2.4±0.9 


Range 


1.0-3.9 


1.0-4.0 


1.0-4.0 


Use of fluoride toothpaste, n 








Yes 


84 (84) 


75 (75) 


159 (79.5) 


No 


15 (15) 


23 (23) 


38 (19) 


Not informed 


KD 


2(2) 


3(1.5) 


Dental caries status 








d 2 mfs (mean ± SD) 


0.7±1.7 


1.2±2.4 


0.9±2.1 


d 3 mfs (mean ± SD) 


0.6+1.6 


1.0±2.1 


0.8±1.9 


Children with dentine caries, n 


21 (21) 


26 (26) 


47 (24) 



Values in parentheses indicate percentages. d 2 mfs: number of cavitated decayed (enamel + dentine), filled and 
extracted dental surfaces in primary teeth. d 3 mfs: number of cavitated decayed (dentine), filled and extracted 
dental surfaces in primary teeth. 



Table 2. Characteristics at baseline of the children in the FV and PV groups who remained in the study and 
were examined at the 24-month follow-up and characteristics at baseline of all participants who were lost to 
follow-up 



Characteristic 


FV group (n = 89) 


PV group (n = 92) 


Children lost to 
follow-up (n = 19) 


Gender, n 








Female 


44 (49.4) 


41 (44.6) 


8 (42.1) 


Male 


45 (50.6) 


51 (55.4) 


11 (57.9) 


Socioeconomic status, n 








B 


8 (9.0) 


4 (4.4) 


2 (10.5) 


C 


50 (56.2) 


59 (64.1) 


12 (63.2) 


D orE 


30 (33.7) 


28 (30.4) 


5 (26.3) 


Not provided 


1(1.1) 


1(1.1) 





Age, years 








Mean ± SD 


2.5±0.8 


2.3±0.9 


2.3±0.8 


Use of fluoride toothpaste, n 








Yes 


76 (85.4) 


68 (73.9) 


15 (78.9) 


No 


12 (13.5) 


22 (23.9) 


4(21.1) 


Not informed 


1(1.1) 


2 (2-2) 





Dental caries status 








d 3 mfs (mean ± SD) 


0.6±1.5 


1.0±2.0 


1.0±2.1 


Children with dentine caries, n 


17 (19.1) 


24 (26.1) 


6(31.6) 



Values in parentheses indicate percentages. d 3 mfs: number of cavitated decayed (dentine), filled and extract- 
ed dental surfaces in primary teeth. 
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Table 3. Comparison of caries incidence and caries increment in the FV and PV groups at the 24-month 
follow-up 



Outcome 


FV group 
(n = 89) 


PV group 
(n = 92) 


Difference 
(95% CI) 


p value 


Primary endpoint 










Children with new dentine caries lesions, n 


32 (35.9%) 


43 (46.7%) 


-10.8 (-24.9 to 3.3) 


0.14 1 


Secondary endpoints 










d 2 mfs (mean ± SD) 


2.0±4.0 


2.8±4.2 


-0.8 (-2.0 to 0.4) 


0.19 2 


d 3 mfs (mean ± SD) 


1.8+3.9 


2.5±4.0 


-0.7 (-1.9 to 0.4) 


0.23 2 



d 2 mfs: number of cavitated decayed (enamel + dentine), filled and extracted dental surfaces in primary teeth. 
d 3 mfs: number of cavitated decayed (dentine), filled and extracted dental surfaces in primary teeth. 
1 x 2 test. 2 1 test. 



that, had it been significant, it would be necessary to treat 
9 children to avoid caries in 1 child. 

Of those who did not show up for the 24-month ex- 
amination, 4 subjects were checked at the 6-month and 
18-month follow-ups and presented dentine caries le- 
sions. Thus, including these patients' data, caries inci- 
dence estimates increased to 37.4% (34/91) and 47.9% 
(45/94) in the test and control groups, respectively, but 
the difference between the groups was still not significant 
(X 2 test; p = 0.15). 

A post hoc analysis stratifying the sample by caries ex- 
perience at baseline (d 3 mfs >0 or d 3 mfs = at baseline) 
showed that caries incidence was higher in children who 
had caries experience at baseline (82.3 and 83.3% in FV 
and PV groups, respectively; x 2 test; p = 0.93) than in chil- 
dren who did not have caries experience at baseline (25.0 
and 33.8% in FV and PV groups, respectively; x 2 test; p = 
0.25). Nevertheless, the differences in caries incidence be- 
tween FV and PV groups in children who had or did not 
have caries experience at baseline were not statistically 
significant. 

Similarly, a comparison of caries incidence in those 
children who received the maximum number of varnish 
applications and those who did not demonstrated no sta- 
tistically significant differences between FV and PV 
groups (all 4 programmed varnish applications, caries in- 
cidence: FV = 36.0%; PV = 44.9%; x 2 test; p = 0.26; less 
than four varnish applications, caries incidence: FV = 
35.7%; PV = 57.1%; f test; p = 0.26). 

Caries Increment 

The number of dental surfaces with new dentine caries 
lesions as measured by the d 3 mfs increment was greater 
in the control than in the test group but the difference was 



not statistically significant. When cavitated enamel le- 
sions were included in the analysis (d 2 mfs), the difference 
in caries increment between the two groups remained sta- 
tistically not significant (table 3). The caries preventive 
fractions for children receiving FV were 28.6% (95% CI: 
22.3-34.7) and 28.0% (95% CI: 24.7-34.4) at d 2 and d 3 
caries detection thresholds, respectively. 

Dental Pain and Abscess 

Within the 24 months, no significant differences were 
found between the test and control groups in the frequen- 
cies of dental pain (FV: n = 11, 12.4%; PV: n = 11, 12.0%; 
p = 0.93) and dental abscess due to caries (FV: n = 2, 2.2%; 
PV:n= 1, 1.1%; p = 0.54). 

Adverse Events 

Only 2 complaints were reported. The father of 1 child 
who belonged to the test group reported that when the 
child returned home after this first FV application, the 
mother felt bothered by the color of child's teeth; the 
mother of 1 child who belonged to the control group re- 
ported that her child complained of a burning sensation 
in her mouth on the day of this first PV application. There 
were no withdrawals from the study due to adverse effects 
of the FV or PV. In addition, 8 children in the test group 
and 3 children in the control group reported having asth- 
ma at baseline but none of them reported an adverse effect. 

Discussion 

This study was unable to demonstrate that twice-year- 
ly professional application of FV during 2 years in low- 
income, 1- to 4-year-old Brazilian children who reported 



Fluoride Varnish versus Placebo in 1- to 
4-Year-Old Children 



Caries Res 2014;48:228-236 
DOI: 10.1159/000356863 



233 



using fluoride toothpaste and lived in a city where fluori- 
dated drinking water was available, significantly de- 
creased caries incidence in the primary dentition. On the 
other hand, our results provided evidence that the inter- 
vention is safe and well accepted by the children them- 
selves and their caregivers. 

At the end of the study, caries prevalence (55.8%) was 
higher than the estimate for 5-year-old children living in 
Southeastern Brazil (48.1%) reported in the National Oral 
Health Survey conducted in 2010 [Brasil Ministerio da 
Saiide, 2011]. Smaller- scale studies that estimated caries 
prevalence in preschoolers living in fluoridated commu- 
nities in Southern and Southeastern Brazil have found 
figures ranging from 40% [Ferreira et al., 2007] to 45.3% 
[Borges et al., 2012], depending on the age of the subjects. 
This means that, although children with a dental abscess 
or more than 10 carious dental surfaces were not includ- 
ed, the study participants were still a group of preschool- 
ers at high risk of developing dental caries. 

The latest published FV randomized controlled trial 
that used an individual strategy of randomization was 
completed in 2004. It included only caries-free, 6- to 
44-month- old children living in a fluoridated commu- 
nity [Weintraub et al., 2006]. That study found a statisti- 
cally significant difference in caries incidence between 
children who received and those who did not receive FV 
applications twice a year. However, considering the total 
number of children submitted to any follow-up examina- 
tion during the course of the study (n = 193), only 36.5% 
of the participants experienced caries duringthe 24-month 
follow-up period. More recently, a secondary analysis of 
data from a community-randomized controlled trial [Di- 
varis et al., 2013] among 3- to 5-year-old Aboriginal chil- 
dren in Australia, exposed to varying concentrations of 
fluoride in drinking water, showed substantial heteroge- 
neity in FV efficacy by baseline surface caries status and 
small differences in benefit by type of tooth surface. In 
our study, a post hoc analysis by caries experience at base- 
line (d 3 mfs >0 or d 3 mfs = 0) showed a greater difference 
in caries incidence between the test and control groups in 
children who were caries free (8.8%) than in children who 
had dental caries (1%) at baseline. Altogether, these find- 
ings suggest that the anticaries effect of FV maybe great- 
er in children with more sound dental surfaces than in 
children with active disease or hypoplastic enamel. There- 
fore, current recommendations [American Dental Asso- 
ciation, 2006; American Academy of Pediatric Dentistry, 
2012a] on targeting FV applications to children at moder- 
ate or high risk of caries may need to be revised. Future 
studies should be designed not only to investigate the de- 



gree of the protective effect that could be obtained from 
professional FV applications but also to assess who could 
benefit the most from this type of intervention. 

An important limitation of the present study is the 
wide confidence interval of its primary endpoint. Caries 
incidence was higher than expected in both the test and 
control groups but the difference between the groups was 
approximately 60% of the difference that was initially ex- 
pected. Considering the observed caries incidences, in or- 
der to have 80% power to detect a statistically significant 
difference in the frequencies of individuals developing 
new dentine caries in the test and control groups, if such 
a difference existed, at least 332 children should have 
been enrolled in each group. Consequently, the absence 
of a statistically significant difference between the two 
groups must not be seen as evidence that the tested treat- 
ment had no effect. 

To specify what would be the smallest difference of 
clinical relevance in caries incidence among children sub- 
mitted or not to a given preventive intervention (e.g. 
twice-yearly FV applications) is not an easy task [Alder- 
son, 2004] and we may have overestimated the expected 
benefit of FV based on the overly optimistic preventive 
fractions estimates that have been reported by the FV 
clinical trials conducted in recent years [Carvalho et al., 
2010]. Worthy of note were the statistically nonsignifi- 
cant differences in caries incidence among test and con- 
trol Aboriginal preschool children in two different 2-year 
cluster-randomized controlled trials - one in Canada 
[Lawrence et al., 2008] and another in Australia [Slade et 
al., 2011]. 

It is possible that, nowadays, twice-yearly professional 
FV applications to the primary dentition of preschool 
children confer only limited anticaries benefit on top of 
that already provided by fluoride toothpastes, especially 
in children with low caries prevalence. Moreover, it is not 
clear whether this benefit is clinically meaningful [Marin - 
ho et al., 2004]. In the present study, similar increases in 
the number of dental surfaces with cavitated lesions at 
both enamel and dentine levels were observed in children 
exposed and not exposed to professional fluoride therapy 
in addition to fluoride toothpaste use at home. 

To the best of our knowledge, this is the first random- 
ized controlled clinical trial testing the effectiveness of an 
FV that used a placebo similar to the active varnish in all 
aspects but without fluoride. Placebos should always be 
inert treatments intended to have no effect other than the 
psychological benefit of offering treatment, which itself 
can be a powerful effect [Rothman and Greenland, 1998] . 
It has long been recognized that the placebo provides an 
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indispensable tool for determining the true effect of a 
health intervention and can have an effectiveness of up 
to 35% [Beecher, 1955]. The underlying mechanism of 
the placebo effect has yet to be well established. The re- 
sponse to a placebo could be a basic physiological process 
such as release of neurotransmitters or alterations in im- 
mune system activity or could also be some more com- 
plex process including change in mood or motivation/ 
effort. For example, health-related self-efficacy may be 
one mechanism of the placebo effect [Oken, 2008]. Self- 
efficacy has been shown to be a strong predictor of sugar 
intake in low- income preschool children, that is, mothers 
who are more confident in their ability to care for their 
teeth have children with lower sugar intake [Litt et al., 
1995]. This could be one of the many plausible explana- 
tions for a decrease in caries incidence in children par- 
ticipating in a caries FV preventive trial; hence the rele- 
vance of the placebo. 

Previous systematic reviews [Marinho et al., 2002; 
Carvalho et al., 2010] have highlighted the need to inves- 
tigate more thoroughly the acceptability of the FV treat- 
ment and its possible side effects. In one study that tested 
a product containing 0.1% fluoride, 0.9% w/w difluorosi- 
lane (Fluor Protector; Vivacare/Vivadent, Schaan, Liech- 
tenstein), a few children complained of a somewhat bitter 
taste and no side effects were noted [Twetman et al., 
1996]. In a study using Duraphat (Colgate Oral Pharma- 
ceuticals) [Weintraub et al., 2006] only 1 adverse event 
was reported: an ulcer on a child's cheek that developed 
2 months after the last FV application, which was 'fluo- 
ride-free'. In the same study, none of the FV recipients 
who were asthmatic had adverse events. In the present 
study, only 2 complaints were reported: 1 about the yel- 
lowish color of the FV and another of a 'burning sensa- 
tion' in the mouth in a child who received the PV. This 
sensation was probably caused by ethanol, a substance 
that is used as a solvent in the varnish [Strohmenger and 
Brambilla, 2001]. Although it was not a prespecified out- 
come, children's behavior during varnish applications 
was evaluated by consulting the patient's dental records. 
Using Frankl's Behavioral Rating Scale [American Acad- 
emy of Pediatric Dentistry, 2012b], dental students who 
served as operators throughout the trial recorded chil- 
dren's behavior during their dental appointments as: 'def- 
initely negative', 'negative', 'positive' or 'definitely posi- 
tive'. We noticed that the frequency of 'definitely nega- 
tive' and 'negative' ratings dropped from 46.5% on the 1st 
varnish application to 6.0% on the 5th varnish application 
performed at the 24-month dental examination. Thus, 
our findings support the safety and acceptability of the 



intervention but also show that 1- to 4-year-old children 
maybe initially reluctant or even refuse to cooperate dur- 
ing FV applications. 

Attempts to maintain a high level of participation in- 
cluded cards and telegrams sent home and frequent con- 
tacts made by telephone. Loss to follow-up was low 
(slightly higher in the test group than in the control 
group) and attrition in both groups was due to reasons 
unrelated to the intervention. At baseline, the children 
analyzed at the 24-month follow-up were similar to the 
children initially randomized to the test and control 
groups in terms of sociodemographic characteristics, fre- 
quency of use of fluoride toothpaste and caries status. In 
addition, the proportion of test and control children who 
received the full set of varnish applications was over 80% 
and almost the same in the two groups. 

This study provided some new relevant information in 
relation to the safety and acceptability of FV application 
but, despite having been carefully designed in accordance 
with the CONSORT recommendations [Moher et al., 
2010], it could not produce conclusive evidence for an 
anticaries effect of FV therapy in preschool children. 
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